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PREFACE 
 
Study of atmospheric Aerosols is a vital problem in current environmental 
research due to its importance in atmospheric optics, energetics, radiative transfer 
studies, chemistry, climate, biology and public health. Aerosols can influence the 
energy balance of the terrestrial atmosphere, the hydrological cycle, atmospheric 
dynamics and monsoon circulations. Because of the heterogeneous aerosol field with 
large spatial and temporal variability and reduction in uncertainties in aerosol 
quantification is a challenging task in atmospheric sciences. Keeping this in view the 
present study aims to assess the impact of aerosols on coastal Indian station 
Visakhapatnam and the adjoining Bay of Bengal.  
 
In chapter I, brief introduction on the atmospheric aerosols and their 
importance in climate change studies was given with a logical conclusion on the 
scope of the research work incorporated in the thesis. Chapter II deals with the 
experimental techniques involved in the study. The equipment include 
MICROTOPS-II sun photometer, Multi Wavelength Radiometer to derive Aerosol 
Optical Depth, Quartz Crystal Microbalance for the measurements of size segregated 
near surface mass concentrations, Aethelometer for the  measurement of Black 
Carbon aerosols and Nephelometer for scattering coefficients at three wavelengths. 
The design of instruments, principle of working, and error estimation are described 
in detail. The methods used to determine various parameters that characterise the 
optical /physical properties of Aerosols, and the models utilized are explained 
briefly.  
 
Chapter III describes extensive study of aerosol intensive properties over 
Visakhapatnam. This presents for the first time results on seasonal variation in 
aerosol Single Scattering Albedo with the data for a period of one year. The inferred 
aerosol single scattering albedo was in the range of 0.7 and 0.9 showing a distinct 
seasonal variation. Relative variation of column and surface angstrom size index 
derived respectively from aerosol optical depth spectra and surface measurements 
with the SSA indicate that the in-situ measured SSA is applicable to column 
integrated estimation during winter and monsoon months while such applicability is 
limited during summer months due to the possibility of aerosol transport.  The 
measurements also indicate little variation in SSA during sunlit hours of all the 
seasons. The asymmetry parameter which represents the angular scattering in 
radiative forcing estimation is found to be around 0.65±0.1 for the location. The 
results are discussed in light of the aerosol physical and optical properties and the 
asymmetry parameter.   
In chapter IV, Advection induced short period anomalies and seasonal 
features in Aerosol Optical Depth over Bay of Bengal in the W- ICARB Region are 
presented with a statistical assessment of the regional short term perturbations in 
AOD over Bay of Bengal for the entire season. Seasonal features in AOD using 
MODIS level 3 data for the period of six years (2005-2010) are presented. Though 
several reports are available on the features of Aerosol Optical Depth (AOD) over 
BoB region based on cruise as well as satellite data, the day to day variability over 
the oceanic regions due to day to day variability at the aerosol source regions and 
advection pathways is yet incomplete.   The results indicate that the day to day 
variability in AOD could possibly be reflected as spatial variation when short period 
cruise measurements are made.  A statistical analysis of the short period variations 
using W-ICARB cruise data and the MODIS satellite data for the whole  winter 
2008-09 show that in 65% of the case,  the airmass pathways have the potential of 
inducing large day to day variability in AOD with  79 % of the cases over eastern 
BoB affected by east Asian airmass, 98% of the cases over western BoB affected by 
airmass pathways from the Indian region, while the western BoB is mostly affected 
by the east Asian aerosol transport, which is significant in altering the mean AOD 
features over the regions. Steady increase in AOD over the western BoB during 
2005 to 2010 is observed, while it is more or less stable over southern BoB.   
In Chapter V, the diurnal variation aerosol backscatter intensity profiles 
during typical days during winter, summer and monsoon are used to derive the 
vertical aerosol distribution in terms of scaling altitudes.   This information with 
simultaneous data on Aerosol Optical Depth (AOD) and surface mass concentrations 
are analyzed and discussed in light of mesoscale processes and advection.  The 
characteristics of the near surface aerosols are well in accordance with the mesoscale 
processes, but a possible advection of aerosols was suspected at higher altitudes 
while examining Lidar profiles.  For winter, the advection pathways are computed 
using HYSPLIT forward trajectory analysis and discussed. In the current study we 
also had an opportunity to examine a closure on aerosol characteristics with different 
measurements during the study period.  The correlation between columnar and 
surface fine mode aerosol fraction was also examined in view of column-surface 
coupling.   
Study comprises the results from the seasonal variation in the aerosol 
intensive properties using in situ measurements and vertical distribution using 
LIDAR measurements over a coastal urban location and day to day variations over 
supposed clean maritime environment which are exceptionally sparse. With 
measurements on aerosol optical properties this study reports that the mean SSA is 
about 0.79 indicating a marginal atmospheric warming over the study location 
Visakhapatnam.  The asymmetry parameter was found to be 0.65 compared to the 
value 0.7 used widely over the globe in climate modelling estimations. Even though 
the experimental campaigns over the oceanic regions using cruise based 
measurements fill the voids in aerosol data over the study regions and over oceans, 
given the extent of the anthropogenic influence on the clean maritime environment it 
is important to characterize the aerosol fields over oceans for climatic studies.  It is 
observed with cruise data and satellite data that short term variations in AOD, 
induced by seasonally varying advection pathways over Bay of Bengal adjacent to 
the Visakhapatnam contribute to significant deviations in AOD which cautions and 
suggests the requirement of long term campaigns over marine environment to reduce 
the uncertainties. Hence the study emphasizing the seasonal characterization of 
aerosol bulk and intensive properties over eastern peninsular Indian location and 
advection over adjoining Bay of Bengal could be considered important and can 
contribute to the field of atmospheric studies.  While column integrated aerosol 
properties give a general idea on aerosol environment, it is important to characterize 
the aerosol vertical distribution for maintaining accuracies in aerosol radiative 
transfer calculations.  Also the current study with aerosol vertical profiling   
provided information on aerosol scale heights and advection altitudes which are 
important in aerosol characterization.    
 
 
 
 
 
 
 
 
